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(54) improvements in and relating to semiconductor devices 



(57) A semiconductor device (and method of manu- 
facturing thereof) having metal leads (114+130) with 
improved reliability, comprising metal leads (114+130) 
on a substrate 112, a low-dielectric constant material 
(116] at least between the metal leads (114+130). and 
dummy vias (122+134) in contact with the metal leads 
(1 1 4+1 30). Heat from the metal leads (1 1 4+1 30) is trans- 
ferat}le to the dummy vias (122+134). and the dummy 
vias (122+134) are capable of conducting away the heat 
The tow-dielectric constant material (116) may have a 
dielectric constant o1 less than about 3.5. An advantage 
of the invention ts to improve reltedxlity of metal leads in 
circuits using low-dielectric constant materials, espe- 
cially in scaled-down circuits that are compact in the hor- 
izontal direction. 
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Description 

Field of jhe Invention 

5 This invention relates generally to the fabrication of semiconductor devices, and more specifically to semiconductors 
with submicron spacing (where the conductor width and the conductor-to-conductor spacing are both less than one 
micron) arxj low-dielectric constant materials between intermetallic leads. 

Background of the Invention 

10 

Semiconductors are widely used in integrated circuits for electronic applications, including radios and televisions. 
Such integrated circuits typically use multiple transistors fabricated in single crystal silicon. Many integrated circuits now 
contain multiple levels of metallization for interconnections. 

Semiconductor devices are being scaled down in the horizontal dimension to reduce wafer cost by obtaining more 

15 chips per wafer or by increasing circuit complexity by obtaining more transistors per chip. Although semiconductor devices 
are being scaled down in the horizontal dimension, semiconductor devices are not generally being scaled down in the 
vertical dimension (because the current density would exceed reliability limits). Thus, conductors may have a high aspect 
ratio (ratio of conductor height to conductor width of greater than one). With horizontal scaling, these tall metal leads 
are being packed closer and closer together, causing capacttive coupling between the leads to become the primary 

30 limitatton to ctrcurt speed. If line-to^ine capacitance ts high, a likelihood for electrical inefficiencies and inaccuracies 
exist. Redudng the capacitance within these mutti-levei metallization systems will reduce the RC time constant between 
the lines. 

Typically, the material used to isolate metal lines from each other is silicon dioxide. However, the dielectric constant 
of dense silicon oxide grown by thermal oxidation or chemical vapor deposition is on the order of 3.9. The dielectric 
25 constant is based on a scale where 1 .0 represents the dielectric constant of a vacuum. Various materials exhibit dielectric 
constants from very near 1 .0 to values in the hundreds. 

Summary of the Invention 

30 Recently, attempts have been made to use low-dielectric constant materials to replace silicon dioxide as a dielectric 
nrtaterial. The use of low<Jielectric constant materials as insulating layers reduces the capacitance between the conduc- 
tors (or metal leads), thus reducing the BC time constant. It has been found that using materials with dielectric constants 
less than £dx>ut 3.5 sufficiently reduces the RC time constant in typical submiaon circuits. As used herein, the lar m low- 
dielectric will refer to a material with a dielectric constant of less than about 3.5. 

35 One protslem herein is that the decreased thermal conductivity of low-dielectric constant materials, especially in 
circuits with high aspect ratio metal leads, may result in metal lead breakage due to the effects of Joule's heat. The 
present invention solves this problem by improving the thermal conductivity of the structure, resulting in improved reli- 
at)iiity of conductors in structures using low<lielectric constant materials. 

According to the present invention there is provided a method for forming conductors on a semiconductor device 

40 comprising, forming a conductor on a substrate, depositing a tow-dielective layer over the conductor, and forming a 
dummy via in contact with said conductor, wherein heat from said conductor is transferatrte to said dummy via and 
conducted away from said conductor. 

The present invention encompasses a semiconductor device structure (and method for manufacturing thereof) hav- 
ing conductors with improved reliability, comprising conductor on a substrate, a low-dielectric constant material between 

45 the conductors, and dummy vias in contact with the conductors. Heat from the conductors is transferable to the dummy 
vias. which are capable of thermally conducting the heat away from the conductors. The low-dielectric constant material 
has a dielectric constant of less than about 3.5. An advantage of the invention is improved reliability of conductors for 
circuits using low-dielectric constant materials. 

Another embodiment of a method aoconding to the present invention comprises depositing an interconnect layer on 

so a substrate, etching the interconnect layer in a predetermined pattern to form conductors, depositing a low-dielectric 
constant material between the conductors, depositing an insulating layer over the low-di electric constant material and 
the tops of the conductors, etching the insulating layer to leave channels in the insulating layer abutting the tops of the 
conductors, and depositing a metal layer over the insulating layer to fill the channels and form dumrny vias in contact 
with the tops of the conductors. 

55 According to a further embodiment of the present invention there is provided a semiconductor device comprising a 
conductor formed on a substrate, a dummy via in contact with said conductor, wherein heat from said conductor is 
transferable to said dummy via. and said dummy via is capable of conducting heat away from said conducta. 

Another embodiment of the invention is a semiconductor device conductors with improved reliability, comprising a 
substrate, conductors on the sut)strate. a low-dielectric constant material between the conductors, and dummy vias in 
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contact «ith the«,ndu<*HB. wherein heat from the metal leads te 

vias are caoable of corxlucrting away the heat from the cxxKluc^ ^ . , 

ra^geTttieinvelnisimprx^ed reliability^ 
Thet^lSZnS^rticularly beneficial to semiconductors having a combination of conductois wrth h,gh aspect rates 
and low-dielectric constant materials which are more thermally insulating. 

Rriof noerri ption of th e Drawings 

In the drawinas wlich fomi an integral part of the specificaBon and are to be read in conjunction therewith, and in 
whii JS trrS^i s^s arelmpS^ to designate simHar components in various views unless otherw.se 

indicated: 

FlgureslA-ICarethree-dimenslonalviewsofametalleadofasemioonductorwafer. Showing the negative effects 

Fiaw.i a'JSo and 3A-3C are cross-sectional elevational views of a first embodiment of the present invention. 
S dCr^y ^ formed in contact wrth metal leads on a semiconductor wafer to thereby avod the negatve 

effects of Joule's heat as depicted in figure 1 : . „ •„ :„ pim in. ib- 

Fiflure4 is aperspectiveview of afiist embodiment of the invention generally illustrated '"^'flU'^SB' . ^ 
FigHIe 5 b a^^^^onal elevational view of a second embodiment of the present invention, wrth dummy vias 

20 in contact vflth both the top and bottom Of metal leads: •„ in Raura s- 

ir!«„r« 6 IB a nersoective view of the second embodiment, generally illustrated in Figure 5, 

nau e 7 s a SSi^loTarelevational view of a third embodiment of the present invention, showing dummy vias 
Sfnln^h^tleadsonasen^conductorwafe.^ 

« '^re sTrSc^tSSl elevational view of a fourth embodiment, in which the vertical heat conduction path 
Sjure\t7a'S^i?ol%^^^^^ 

RgwS^loTlOD^nd 11A-11C are aoss-sectional elevational views of a sixth embodiment 
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natalled Desfyintion of P referred Embodiments 

The making and use of the presently preferred eniDOdiments are discussed below !" detail However ft sho^^^^ 
appr^^t^^lSS^ present invention pLdes many applicable inventh^e concepts 

Sri^of specific contents. The specific embodiments discussed are merely illuslratve of specrfic ways to make and 

CorrS<S5!S morals anTsymbols in the different figures refer to corresponding parts unless otheronse indicated. 
The tertbelow provides an overview of the elements of the embodiments and the drawings. 

Drawlna Element 1 1 0, Semiconductor wafer is the generic term. 

112. Silicon (Substrate), may be other metal interconne^ layers ^ semiconductor elements. 
(f>a transistors, diodes); oxides; compound semiconductors (e.g.. QaAs.lnP.SiA3e.5>M. 

rS^nil ifTitenium trilaVJ^r^ (Firet metal interconnect portion of metal leads) is defined 

asTSS. MoTu sSsti^ereof : Po^^^^^ 

S^mTSm^t iToSOG (organic spinK>n glass) (lx,w<lielectric constai^material) is defined as an air gap 
(also inert gases, vacuum); silica aerogel; other aerogels or xerogels; f luonnated s-'-con °«de. 
Drawing Etememi18,TEOS(tetraetho-xysilane)silicondioxide(ln^^^^^^ 
layer, typically an oxide and preferably having a thickness less than the height of "^etal Jeads 1 1^- 
D^ing Element 119. Channels are holes in insulating layer 118 where dummy vias m will be lo^m^ 
Sn? item^t 120, Tungsten (metal layer) fe defined as -ntanium trilayer (WAlCu/TiN); Cu. Mo. Al. T,. Si or 

alloys tiiereof; Polysilicon. siliddes. nitrides, cartjides; AlCu alloy wHh Ti or T.N "'^^^X^^-..^ rnNl/AlCuniN)- 
DSnaElei^ert 122. Tungsten (Metal layer portion of dummy vias) isdefined as TO^^ 

SSa MUSi or ali;,ys tSreof; Polysilicon. siliddes. nitrdes. carbid^: AlCu 
□Sowing Elememi24. Aluminium alloy (Second metal interconnect porton of func^^^^^ 

Ttenium trilayer (TiN/AICu/r.N or TiN/AlCuW); Cu. Ma W. Ti. Si or alloys thereof; Polysilicon, silicKies. nrtndes. 
carbides: AlCu alloy with Ti or T.N underlayers; Metal interconnect layer. 
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r^ ^^ci^mmitise Alumimm allov (SecofKl Interconnect Poftion rf Dummy I 

I^^S j'^ZS^JI^'^uctive insulating layer) Thermo-oonductive Insulating layer isdefined as 
ISS^l^r^lan Se S^.S'c^^^^^ o. L^ielectric constant material 116 and preferably 20% larger than 
DSSiS"He^SPlWTi(F.rstt«rrierport^ 
S^n?k2mLmmI'T?S(tetraet^^^^^^ 

SSSli^ Element 134 Yl, (Second barrier portion of dummy vias or functional metal leads) is defined as bilayer of 
TiniN; Tin or other Ti alloy: Cu, Mo. W. Al. Si or alloys thereof. 

An aooarently heretofore-unrecognized problem in semiconductor circuits, especially droiite having «9h a^^ct 
,atio^5S^.iiil<^Klie.ec.ricco;stant^^^^^^^ 

ssisr^™£srd=^rs^^s^^^^^^^^ 
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10 



15 



20 



25 



30 



120 is deposited over second bamer layer ^^^'^^^^f ' '^f ' from the second barrier 

a CVD process, txit other metal fo^f^J^^ ^^^I^V^^^iZ^ reside in the channels 119 in 
layer 134. leaving in the channels 119 P^^^^^^f^^'^J^"^ iS!S sTtncli^iTmetal layer portion 122 and a 
contact with metal leads 11**^30 (Rgure SB . Each durnmy^^ 
second barrier portion 134. Since dummy >flas 122+134 are^^.sed 

dunww via. 122,134 formed In a«*^ *™» 

tage of the second embodiment is the ab.hty to 

metal (Provided by the dummy v,as 122*1 34). ncor^^^ 

122,134. Thedummy leads 126.134 are cow'sed ol "«»«^™ SSrfsllmdtte dumm, leads 126.134) u 

conduct away more heat from the metal lead no+i , . . = conducted away from the metal 

122+134 andthroughdummy>flas 122+134 todummyteads126+1M_^^^^^ y 

leads 114+130 by both the dummy ^^a^^22+134 and durnnv 1^^ 

08/250.983. f Oed on 5/31 /94 by Nu-mta and ass^ned ^ Te^^ J^^i^^^J^^ 34 are forVned. The 
"^fourthen^odimentiss^inHgure.^^^^^^ 

in contact with both the tops and bottoms of portions 134 of dummy vias are not 
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andihefirstbarrier layerlSOa (as6h<wi.nphantomMea«ngporto(^^ A iiin insulating layer 

metal lead1l4*130lncIudesafn^meteJimG^.2i,^^ 

132. for example. TEOS si ^on dioxide, edepojrted o^^^ overthe thin insu- 

1 12 (Rgure 10B). l^-*!'^^^^"^^!" J^f^^^^ TEOS silicon dioxide. isdeposHed 
lating layer 1 32 (Rgure 1 CKJ) and may be pl^^e^^^^^ 

over low<lielectric constant mater^ '^"^^'Jjffio^ 122+134 will be formed (Figure 10D). 

layer 132 are patterned and etched to form channels ^Jl^jf^^^^T^^^ te deposited over insulating layer 
sLndbarrierlayerm^rel^ab^^^^^^^^ 

118. the tops of metal leads ^^**^30 and the po ^^elallayer120fillschannels119tofbrmdummy 

Metallayer120lsdeposrtedoverse^.^temer^^^^ .^^^^ 

vias 122+134. A top portion of metal layer 120 is ^^^^7' ^^J.*^. p-.^ dummy via 122+134 includes a metal 
top of insulating layer 1 18. and forming residing on top of insulating 

layer portion 122 and a second barrier 'P°^°l^;^^^^^^^ZyJ^ second barrier layer 134 acts as 

s:rriirs:e%"uCtriS^^^^ 

(for «cample^ ^oj^mjn Rg^^^^^ 

..cTrKaToT^S"--^^ 

An advantage of the present invention over using ^'^ f "-^^i!^ JfoLVrmtKo meSleads. Also, the dummy 
Numata) is that In some circuits, there n«y not Jl^^"^^^^ Se dummy leads and the metal 

;rs.?rrrrvS:^-^^^^^^ 
^i\fj5i^^ri^!i« 

The dummy vias can be fomied ^^^illS.^tn'lSiSL^cSrSng other low<r.electric constant materials, such as 
The present invention can also be used on ^^'^^'^^'^^rZi^tce capacWve coupling between adjacent 
air gaps. aeK,gels. xerogels. <^ ^^S^' J^HS^^^^ 

using a porous dielectric. , . ^„ ..««iH,,mmwuia«! 122+1 34 to conduct away Joule's heat from metal 

The novel structure and method involving the inthesame metal interconnect, 

leads is particularly beneficial fo very compact a^ute J ? semiconductors having submicron 
or in adjacent metal interconnect layers. The P'^^ent Kwention« ateo J^conduct away a portion of the Joule's 
spacing and using low^.electric constant "™a^«"5!,,j;« '^"^^^^^^ to semi- 

heat generated in the metal leads. T^ti^os (e 9 2 or greatj and low-dielectric constant 

conductors having a combination of meta leads w,m h^gh asp^ TZoiaieZl thermally insulating. 

materials (especially having a ^^^i^^i^^ttS^o*^^^ <='««'^'P«°" '"^^"^^ 

While the invention has been d^scnljed v«m eference to lUu^^ ^ embodimenls. as well as 

to be construed in a limiting sense. Various "^^-^ J^J^^^^^^^^^ to the description, tt fe 

oflner en*odiments of the invention, will be apparent l^^^^^^^-^^ng or embodiments. For example, although 
thereforeintendedthattheappendeddain^en^ conductivity's are amelio- 

the effects of materials having d^lertric ^Jj"*^,^,^^^ useful to counteract tt.e eHects of any 

r-rc^eS'^rrL^ror^^^ 
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1. A method for forming conductors on a semiconductor device, comprising: 
forming a conductor on a substrate; 

depositing a low-dielectric constant material over the conductor; and 
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forming a dummy via in contact wHh said conductor, wherein heat from said conductor is transferable to said 
dummy via and conducted away from said conductor. 

2. The method of Claim 1 . further comprising depositing a low-dielectric constant material having a dielectric constant 
5 of less than about 3.5. 

3. The method of Claims 1 - 2 . further comprising forming the dummy via prior to said conductor. 

4. The method of Claims 1 - 3. further comprising fonning a conductor having an aspect ratio greater than 1 .5. 

w 

5. The method of Claims 1 - 4, further comprising depositing an insulating layer over at least said low-dielectric constant 
material, wherein said dummy via is formed in said insulating layer, 

6. The method of Claim 5, further comprising depositing the irtsulating layer such that said layer has a conductivity 
IS greater than the conductivity of said low-dielectric constant material. 

7. The method of Claims 1 - 6, further comprising forming a dummy conductor contact with said dunrmy via.. 

8. The method of Claims 1-7. further comprising: 

20 depositing an interconnect layer on a substrate; 

etching said interconnect layer in a predetermined pattern to form the conductor. 

9. The method of Claims 1 - 8, further comprising: 

etching said insulating layer to leave a channel in said insulating layer aixjtting a surface of said conductor; and 
25 depositing a conductive layer over said insulating layer to fill said channel to form a dummy via in contact 

with said surface of said conductors. 

1 0. The method of Claims 1 - 9. further conprising fonning a plurality of conductas. 
30 11. The method of Claims 1 -1 0, further conprising forming a plurality of dummy vias. 

12. A semiconductor device, comprising: 

at conductor formed on a substrate; 

a low-dielectric constant material deposited over said conductor; and 
35 a dummy via in contact with said conductor, wherein heat from said conductor is transferable to said dummy 

via, and said dummy via is capable of conducting away said heat from said conductor. 

13. The semiconductor device of Qaim 12, further comprising a dummy conductor in contact with said dummy via. 
wherein said dummy conductor is capatrfe of conducting away said heat from said conductor. 

40 

14. The semiconductor device of Claims 12-13, further comprising an insulating layer in contact with at least said low- 
dielectric constant material, wherein said dummy yna is formed within said insulating layer. 

15. The semiconductor device of Claims 12-14, wherein said insulating layer is comprised of a thermoconductive 
45 material conprising AIN, Si3N4, or both. 
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(54) Improvements in and relating to semiconductor devices 

(57) A semiconductor device (and method of manu- 
facturing thereof) having metal leads (114+130) with 
Improved reliability, comprising metal leads (114+130) 
on a substrate 112. a low-dielectric constant material 
(116) at least between the metal leads (114+130), and 
dummy vias (122+134) in contact with the metal leads 
(114+130). Heat from the metal leads (114+130) is 
transferable to the dummy vias (122+134). and the 
dummy vias (122+134) are capable of conducting away 
the heat. The iow-dieiectric constant material (116) may 
have a dielectric constant of less than atx)ut 3.5. An 
advantage of the invention is to improve reliability of 
metal leads in circuits using low-dielectric constant 
materials, especially in scaled-down circuits that are 
compact in the horizontal direction. 
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